T he recent awareness that eukaryotic cells can be linked and communicate via membranous nanotubes (NTs) has extended previous conceptions of cell-to-cell interaction. Apart from mediating functional connectivity between a broad range of cells, facilitating intercellular transmission of electric signals or various cellular components, there is strong evidence for participation of NTs in pathological processes of particular medical interest. In our recent study, we showed for the first time the existence of nanotubular connections between human primary peritoneal mesothelial cells (HPMCs) and provided insights to their actin/filopodia mediated building mechanism. Furthermore, we showed that tumor necrosis factor (TNF) significantly increased NT formation between HPMCs, pointing to a crucial role of NTs during inflammatory processes. Moreover, our study showed a strong correlation of NT occurrence and cellular cholesterol contents, demonstrating an interdependence of NT mediated cell communication, cytokine action and cholesterol homeostasis. Here, we further provide analysis on NT-formation processes.
In the context of inflammatory immune reactions, intercellular communication plays a crucial role. Recent findings demonstrated that cells are able to interact via membranous channels initially termed tunneling nanotubes (TNTs). 1 TNTs were initially characterized as thin intercellular membrane channels, tensed between cultivated pheochromocytoma (PC12) cells at their nearest distance and without contact to the substratum, displaying diameters 4 their occurrence, architecture and function in the body is still a matter of considerable debate and may substantially vary in accordance to the respective species, tissue, developmental stage, age, genetic background and pathophysiological variations. However, there is culminating evidence for a participation of NTs in several pathological processes of substantial medical interest. NTs were proposed to be involved in the intercellular spread of prion proteins, 5, 6 and viral proteins, e.g., during HIV infections, 7-9 the transfer of drug resistance between cancer cells 10 or the transfer of Aβ peptides in the context of Alzheimer disease. 11 In the immune system, human peritoneal mesothelial cells (HPMCs), the resident cells of the peritoneal cavity, bear an effective antigen-presenting function for T cells and thereby play a relevant role during the immune response in the peritoneal cavity e.g., during peritonitis. 12, 13 Facing this background, we have shown that NTs are formed in the human peritoneum and that their occurrence correlates with defined pathophysiological conditions. 14 Since in vivo analyses of NTs in humans are unfeasible, we developed HPMC primary cultures from omentum obtained during abdominal surgery or from effluents of Ca 2+ fluxes in dendritic cells promote cell morphology changes which coincide with membrane spreading and lamellipodia extension. 16 This led us to test whether the blocking of calcium channels in HPMCs with the drug amlodipine has an impact on NT-formation. Our experiments revealed that incubation of the cells with amlodipine resulted in significant lower NT-numbers as compared with the control experiment (Fig. 1 A-C) . This clear decrease in NT-numbers argues for an important involvement of calcium channels in NT-formation processes, although the precise mechanism remains elusive.
Based on our recent observation that the formation of NTs between HPMCs is actin and respectively filopodia based, we further analyzed the NT-formation process in greater detail to unravel and assessed NT-numbers. The results showed that the numbers of NTs being built between these cells were comparably high as the numbers found for cells stimulated with simvastatin.
14 This observation shows that statins strongly influence NT-formation processes at least in this particular type of cell with potential impact for clinical treatments. The underlying molecular mechanisms however remain elusive at this stage and are subject of future research in the field.
In further experiments we investigated a possible involvement of calcium channels during NT-formation. In this context studies from Beum et al. highlighted the occurrence of thin structures, so called streamers, during complementmediated cytolysis of B cells only in presence of Ca 2+ . 15 Salter et al. reported that overnight bags from patients undergoing peritoneal dialysis (PD) treatment. 14 We could demonstrate that primary HPMCs establish discrete NT connections de novo and provide support for a filopodia/actin mediated formation process.
14 Moreover, we showed that the number of NTs is significantly increased upon stimulation of cells with TNF pointing to an important participation of NTs during inflammatory reactions.
14 Our study additionally revealed a strong correlation of NT occurrence with cellular cholesterol contents. We could show that incubation of cells with the statin simvastatin led to a significant increase in the formation of NTs. 14 To address the question whether this observation was a mere in vitro phenomenon, we isolated HPMCs from omentum of a patient undergoing statin treatment components of the underlying molecular machinery. In this context, we focused on two actin related proteins-Arp2 and Arp3-which are responsible for the generation of branched networks of actin filaments and which are localized to filopodia e.g., during cell spreading. 17 To assess their involvement during NT-formation, we stained HPMCs connected via NTs for F-actin and the Arp2/3 complex subunit ARP2 (Fig. 1D) . Respective experiments show that Arp2/3 is located at the bases (Fig. 1D, arrowheads) as well as inside NTs along with F-actin (Fig. 1D and Inset, arrows).
Whether these or related proteins and the underlying molecular mechanisms are indeed key players during NT-formation -and thus promising targets for novel therapeutic treatments in view of severe diseases like cancer, viral infections etc.
-will now be subject of thorough future investigations.
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